An adipose-specific control of thermogenesis in body weight regulation.
Much of our understanding about 'adaptive thermogenesis' as a control system in mammalian weight regulation derives from studies of experimental starvation and overfeeding, and these have served to characterize its functional role as an 'attenuator' of energy imbalance. By applying a system-analysis approach in evaluating data on the energetics of starvation and refeeding, evidence is presented here in support of the hypothesis that there are in fact two distinct control systems underlying adaptive thermogenesis. In one of them, the efferent limb is primarily under the control of the sympathetic nervous system (SNS), whose functional state is dictated by overlapping or interacting signals arising from a variety of environmental stresses, including food deprivation, deficiency of essential nutrients, excess energy intake and exposure to cold or to infections; it is hence referred to as the non-specific control of thermogenesis, and is likely to occur primarily in organs/tissues with a high specific metabolic rate (eg liver, kidneys, brown fat). The other is independent of the functional state of the SNS and is dictated solely by signals arising from the state of depletion of the adipose tissue fat stores; it is hence referred to as the adipose-specific control of thermogenesis, and is postulated to occur primarily in the skeletal muscle. While suppression of this adipose-specific thermogenesis during both starvation and refeeding leads to energy conservation, the energy spared during refeeding is directed specifically at the replenishment of the fat stores, so that it functions as an 'accelerator' of fat recovery. These two distinct control systems for adaptive thermogenesis have been incorporated in a compartmental model of body weight and body composition regulation. This is used to provide a mechanistic explanation as to how, during weight recovery, they can operate simultaneously but in opposite directions--with activation of thermogenesis under non-specific control being energy-dissipating, while suppression of thermogenesis under adipose-specific control being energy-conserving--and could hence explain the paradox of a high efficiency of fat recovery co-existing with an overall state of enhanced thermogenesis and hypermetabolism. Elucidating the components of the adipose-specific control of thermogenesis (ie its sensors, signals and effector mechanisms) will have important implications for our understanding of body composition regulation, and hence for the development of more effective strategies in the management of cachexia and obesity.